The Loxocarpinae, also known as the "Boea group", are the subtribe of Gesneriaceae 13 which includes Boea and a number of segregated genera and close relatives. This group 14 currently comprises over 200 species in 15 genera. Here we present the most up-to-date 15 phylogeny, covering all the genera known to belong to the group, based on Bayesian 16
Introduction 25
The Gesneriaceae are a large family with an estimated 3500 species in 147-150 genera 26 (Stevens, 2001 onwards; Skogg & Boggan, 2007; Möller & Clark, 2013; Weber & al., 27 2013) , distributed mostly in the tropics and subtropics, with some outliers in the 28 temperate areas of both hemispheres (Weber, 2004) . The subject of this investigation is 29 the group formerly referred to informally as the "advanced Asiatic and Malesian 30 Gesneriaceae with twisted fruit" (Möller & al., 2009 ) and now formally classified as the 31 subtribe Loxocarpinae, part of the tribe Trichosporeae, subfamily Didymocarpoideae 32 (Weber & al., 2013) . It is also informally known as the 'Boea group' (Möller & al., 33 2009; Puglisi, 2014) . 34
The Loxocarpinae are found throughout Southeast Asia, reaching Australia and the 35 Solomon Islands, and are characterised by having a predominantly twisted capsule. 36
However, in some genera all the species have a 'straight' fruit, with valves not twisting 37 (e.g. Loxocarpus R. Br.) , and in other genera there are species with a twisted fruit and 38 species with a straight fruit (e.g. Paraboea (C.B.Clarke) Ridl., Fig. 1 ). 39
The first genus in the subtribe described to accommodate twisted-fruited species was 40 group is that by Burtt (1984) , in which the generic concepts formed around a twisted-48 fruited Boea and a straight-fruited Paraboea were profoundly modified with new 49 generic concepts based on indumentum type rather than on the fruit twisting. This 50 change led to a large number of species being transferred from Boea to Paraboea. 51 Paraboea.---Paraboea was found to be non-monophyletic, with clade 1 forming a 271 group separate from all the other species (Fig. 2) . Paraboea s.s. (clade 7, Fig. 3: 7) is 272 monophyletic with high statistical support and the same overall structure as found by 273 Puglisi & al. (2011a) . The first subclade to diverge includes all species with a calyx 274 divided into five equal parts that are found north of the Isthmus of Kra in the Thai 275
Peninsula. Of the two other sister subclades, one comprises species formerly placed in 276
Trisepalum and Phylloboea, and is characterised morphologically by a strongly 277 bilabiate calyx; the other, instead, comprises species with a calyx divided into five equal 278 parts and distributed south of the Isthmus of Kra and in Malesia. 279 Clade 1 possesses characters typical of Paraboea, such as the interwoven indumentum 280 on the lower surface of the leaves, the flat-faced corolla and the twisted capsules. 281
However, these plants also have stamens with free, erect anthers opening upwards, with 282 the apices of the anthers parallel to the axis of the flower. The species of Paraboea s.s., 283 conversely, have anthers with the apex rotated towards the gynoecium, coherent, 284 divergent and opening along the median line. The gynoecia also differ, as in clade 1 285 there is an indumentum of minute white, greenish or yellow glands on the ovary and the 286 capsule which is absent in clade 7. The clear phylogenetic and morphological 287 distinction of this group from the rest of Paraboea supports the segregation of a new 288 genus, Middletonia C. Puglisi (Fig. 3: 1) . 289
It should be noted that the sample of Paraboea multiflora in Puglisi & al. (2011a) , 290 which formed a monophyletic clade with the core Paraboea species, was misidentified. 291
The voucher (Wen 2010-01, collected in Guangdong, China) could not be located but a 292 new specimen said to be from the same locality and of the same species by the original 293 collector has been identified as Paraboea cf. dictyoneura (Hance) B.L.Burtt, which is 294 morphologically similar to the species in its clade and not to P. multiflora. The sample 295 was omitted from the analyses presented here. 296 297 Streptocarpus.---Streptocarpus is an Afro-Madagascan genus with c. 140 species, first 298 described in 1828. Due to the presence of a twisted capsule, Franchet (1899), Craib 299 (1911, 1919) and Burtt (1962) decided to ascribe to this genus some Asian plants which 300 did not have a better alternative placement. There are currently three species of 301 Streptocarpus in Asia: S. burmanicus Craib from Burma, S. orientalis from Thailand 302 11 and S. sumatranus from West Sumatra (Indonesia) . Despite the carpological similarity, 303 Möller & al. (2009 ), Puglisi (2014 and the present study all show that Streptocarpus 304 orientalis does not form a monophyletic group with the other species of the genus 305 (represented by the African S. rexii and S. glandulosissimus in the present study). 306 Puglisi (2014) and the present study additionally show that Streptocarpus sumatranus 307 does not form a monophyletic group either with the African species or with S. 308
orientalis. 309
In the present study, Streptocarpus sumatranus is nested within Damrongia. When he 310 described it, Burtt (1962) to the other members of the group, all with flat-faced corollas (Yao, 2012) . The third 345
Loxocarpus clade is entirely made of species with a campanulate corolla, comprising L. and capsules, these orthocarpic or plagiocarpic, cylindrical or conical and varying 359 greatly in length and mode of dehiscence (Weber, 2004) . In the Loxocarpinae only dry 360 capsules are found. The most common shape is cylindrical, with longitudinal dehiscence 361 into two valves ( Fig. 1A-1B ). Most twisted capsules have this structure, or, less 362 frequently, are conical, as in the group of Paraboea species with a bilabiate calyx. 363
Straight fruit types need to be further categorised. Most straight capsules, like the 364 twisted ones, dehisce into two valves along two suture lines. The straight fruits of 365 morphology, and ortho-and plagiocarpic forms exist. A variation of this morphology is 367 seen in Loxocarpus, where the short, conical and plagiocarpic capsule has two dorso-368 ventral valves which are strongly unequal and whose dehiscence results in a cup for 369 splash dispersal (Fig. 1C ). Paraboea incudicarpa, Somrania and Emarhendia, instead, 370 produce capsules that are plagiocarpic and cylindrical but, unlike those of e.g. 371
Orchadocarpa, dehisce only along the upper suture line (Fig. 1D Kaisupeea, Middletonia, Ornithoboea and Paraboea. 378 Despite the obvious difference in fruit morphologies, there does not appear to be any 379 clear pattern across the phylogenetic trees. A lack of consistency was already inferred 380 by Burtt (1984) , when he modified the generic boundaries of Boea and Paraboea 381 hitherto based on the fruit twisting. In our phylogeny, the position of Middletonia and 382
Dorcoceras suggests that a twisted fruit is the ancestral condition, and that straight 383 fruits have evolved several times in the Loxocarpinae. This mirrors the evolution of the 384 other subtribe of Gesneriaceae with a predominantly twisted fruit, the Streptocarpinae, 385
where multiple independent losses of fruit twist have been inferred by Nishii et al. (in 386 press). In order to make further progress in our understanding of the evolution of the 387 fruit in the Loxocarpinae, however, a more in-depth carpological study is necessary. 388
While the variation in fruit type does not form a clear pattern in the tree topology, 389 distribution data show a geographic line along the Isthmus of Kra in Peninsular 390
Thailand. This is most remarkable in Paraboea, where two subclades (with e.g. P. 391 crassifolia (Hemsl.) B.L.Burtt and P. acutifolia (Ridl.) B.L.Burtt) comprise species 392 predominantly from south and north of the Isthmus, respectively. Species of the two 393 groups are not as distinct morphologically as they are geographically and genetically. 394
The same situation is present in the third subclade of Paraboea (with e.g. P. subplana 395 (B.L.Burtt) C.Puglisi), sister to the species found south of Kra, where the two main 396 14 branches show a well-supported separation between species found on either side of the 397
Isthmus. 398
In Ornithoboea, conversely, the three species found south of the Isthmus of Kra are 399 morphologically distinct from their northern congenerics (Scott & Middleton, 2014) suggest a migration from the continent to Indonesia through the Philippines, which 413 differs from the pattern observed in the rest of the tribe Trichosporeae (Weber, 2004; 414 Cronk & al., 2005; Möller & al., 2009 Möller & al., , 2011 Boea multiflora R.Br.). Fig. 3: 1 . 1894 -Lectotype (designated by Burtt, 1954: 194) : Boea multiflora R. Br. 546 Lithophytic, shortly caulescent, perennial herbs. Leaves opposite, those of a pair equal; 547 lamina oblong to elliptic, apex obtuse to acute, base cuneate to obtuse, sometimes 548 oblique, margin crenate or serrate, adaxial surface glabrescent, furfuraceous or 549 pubescent, abaxial surface with a matted indumentum; veins raised beneath, more or 550 less smooth above, tertiary veins reticulate and visible on the abaxial surface, especially 551 in proximity to the leaf margin. Inflorescence an axillary cyme, many-flowered, densely 552 tomentose; peduncles longer or shorter than the leaves; bracts inconspicuous. Calyx 5-553 merous, lobes divided to the base; lobes 1-3 mm long, narrowly ovate, glabrous or 554 glandular inside, more or less tomentose outside. Corolla 5-merous, white, violet or 555 blue, slightly bilabiate, 4-8(-10) mm long, 4-10 mm across, with or without an 556 indumentum; tube 1-3 mm long; limb slightly 2-lipped, upper lip with 2 lobes 2-6(-9) 557 × 1-6.5 mm, lower lip 3-lobed, lobes 2-6(-9) × 1-6.5 mm, all lobes spreading, flat. 558 Soc. 44: 63. 1905, nom. 639 cons. -Type: Paraboea clarkei B.L.Burtt. Fig. 3: 7 . 640
The circumscription of Paraboea, recently modified by Puglisi & al. (2011a) represented by this 50% majority rule consensus tree derived from the Bayesian 893 analysis of the dataset available for the three markers ITS, trnL-trnF and ndhF-trn LUAG . 894
The numbers in bold font inside circles refer to the clade numbering used in the text. 895
The numbers by the nodes are the posterior probabilities, followed by the bootstrap 896 values returned by the Parsimony analysis of the same dataset. The bars at the right of 897 the tree mark the placement of the recircumscribed genera. Asterisks mark accessions of 898 the type species. 899 
